Repository Index 



Subject Index 



Finger index 



Minutia index 



Figure 1 




For Each Subjects 
in Repository R 



Close Repository R 
Close Index I 



End 

Generate Index 





CreateindexFites 


>-...ttwn 


Create and initialize 
aD index files for 
Index 1 






Open index 1 





5~T£ f U 



ExactMatcn 



Find S in i 



If S not in I 



. then 



AddSubject 



Add S to Index I 



Figure 2 



( 




End 

CreatelndexFiies 



For Each Neighbor 
Combination C 





Create Hash Table 




Fi!eT[F][C] 


> — 


Set alt List Pointers 




and List Node 




Counters to Zero 



Create Hash List 
FUeL[F][C] 

Set all List Nodes to 
Zero 



Create Hash List 
Node Used Fiie 
U[F]{C] 

Set ail Node Used 
Flags to Fatse 



5T6P 2h(z) 



Hash List Node 



Hash Code 



Node Count 



Repository IndexfO] 



Repository !ndex[1] 



Repository lndex[2] 



Repository index[3] 



Repository Index[26] 



Repository lndex[27] 



Repository lndex[28] 



Repository index[29] 



Figure 4 





Start 








ExactMatch 










J 







For Each Finger F in 
Subject S - Until 
Done 



End 

ExactMatch 



\ 

If the number of \ 
minutiae of finger F ) — itlffi - j 

/ 


\ 

For each Minutiae M \ 
of Finger F- Until y — 
Done / 






For Each Neighbor \ 
Combination C in \ 
Finger F - Until / 
Done / 


If the Neighbor \ 
Combination C V 1 ^ 
exists. / 



GenerateHashCode 



Create a hash code 
from the minutia and 
its neighbors. 



If the List Node 
Counter for the 
generated hash code 
is = 0 



JbfiCL 



ExactMatch = faise 
Done = true 



Read alf List Nodes 
for the generated 
hash code. 



Figure5. ExactMatch Flow Diagram 



i 
\ 



For all List Nodes N \ 
-Until Done / 


ExactMatch = false 

{No match if one 
isn't found on list } 










Done = true 




For ail repository 
indexes in List Node 
N -Until Done 



If List Subject 
Number matches 
Repository Subject 
Number 




ExactMatch = true 
Done = true 



f 




Start 




AddSubject 




J 







For Each Finger F of 
Subjects 



For each Neighbor 
Combination C 



For each Minutiae M 
of Finger F 



End 

AddSubject 



If Neighbor 
Combination C 
exists for Minutia M 



then 



GenerateHashCode 



Create a hash code 
from the minutia and 
its neighbors 



if the List Node 
Counter for the 
generated hash code 
is = 0 



AddSubjectToList 



Put the subject's 
repository index in 
first open slot in 
hash list 



than. 



Get the next 
available List Node, 
put its index in the 
Hash Table at the 
generated hash 
code entry. 



Read the List Nodes 
for the generated 
hash code. 



Start 

GenerateHashCode 
V I 



Quantize Base 
Angle using Base 
Angle Quantization 
Vector 



Histogram Equalize 
Neighbor A and B 
Euclidean Distance 
using Neighbor 
Distance 

Equalization Vei-tnr 



Quantize Neighbor A 
and B Euclidean 
Distance using 
Neighbor Distance 
Quantization Vector 



Quantize Neighbor A 
and B Relative Angle 
using Refative Angle 
Quantization Vector 



Histogram Equalize 
Neighbor A and B 
Ridge Counts using 
Ridge Count 
Equalization Vector 



Histogram Equalize 
Neighbor A and B 
Relative Angles 
using Relative Angle 
Equalization Matrix 



GenerateHashCode 
= A0 + R0(A1 + 
R1(A2 + R2(A3 + 
R3{A4 + R4(A5)»)) 



End 

GenerateHashCode 



Quantization Vector 



input 76 



an 



an 
on 
an 
on 
fan 
on 

□D 

an 



Output 9 



Figure 9. 



input 3 



Equalization Vector 



Output 2 



Figure 10 



Input A3 



Equalization Matrix 



0 


7 


0 




2 


1 


0 


7 | 




1 


2 


1 


1 I 




3 


3 


2 


1 | 3 


4 









Input B 87 





Output 6 



»7 | 86 | aT] 



Figure 1 1 



Start 

AddSubjectTolist 



Done = false 




If Node is not full 



Add node to fist in 
memory. 

Get first list index 
where expanded list 
will fit in file- 



Insert Repository 
Card, Rnger, and 
Minutia index into 
first slot in new 
Node. 



Increment Node Slot 
counter. 

Save old fist index 
and node count 



Insert Repository 
Card, Rnger, and 
Minutia index into 
first available slot in 
Node. 



Increment Node Slot 
counter. 

Write node to file. 
Done = true 



Update Hash Table 
with new list index 
and node count 



Write ail nodes to fife 

Clear old list location 
in file 



Figure 12. 



i 

( 



Q 

ru 

w 
m 

w 

■ £ 

□ 

C3 
= p 

S3 

ru 





Start 




\ 




Search index 










J 







Open Repository R 
Open Index I 




Close Repository R 
Close Index 1 







f 




End 




Searchindex 




J 



indexSearch 



Get List L of 
Candidate Matches 



If mate M of Subject 

S in R (part of test 
driver for 
performance 
evaluation) 




Score Fitter Rate 
and Selectivity 



Report 



Print report of 
results. 



Figure 13 



Start 

IndexSearch 



Read Search 
Subject Feature 
Vector V 



Clear Match Data D 



For Each Finger F of 
V 



For each Minutiae M 
of Finger F 



For Each Neighbor 
Combination C 



EvaiuateMatch 



Score and rank 
candidate matches. 



if C exists 



tton 



End 

IndexSearch 



Figure 14 



B 




GenerateHashCode 



Create a hash code 
from the minulia and 
its neighbors. 



if the List Node 
Counter for the 
generated hash code 
is>0 




VisitMatch 



Store candidate 
match data for Card, 
Finger and Minutia. 



Start 

VisitMatch 



If Transfer Vector 
for Subject = 0 
(TransferVector[SJ) 



Increment 
DataCoiinter DC 

ttrcn 1 Set 

TransferVector[S] to 
DC 



Set pointer P to 
MatchData equal to 
DC 



Get pointer P to 
MatchData from 
TransferVector[S] 



If minutia M not 


^ thtn 


Add M to MatchData 


present in 




[P][F]- 


MatchData[P][F] 







Increment 
VisitCounter in 
MatchData[P][F] 



AccumulateHough 



Calculate and 
accumulate Hough 
Data[P][F] 



End 

VisitMatch 



Figure 16. VisitMatch Subprogram Flow Diagram, 



Transfer Vector 



Match Data 



Subject 4 



P[0J 



P[1] 



P[2] 



P[3] 



P[4] 



P[5l 



P[N-4] 



P[N-3] 



P[N-2] 



P[N-1] 



Where N is the 
number of subjects in 
the repository. 



MatchData[0] 



MatchData[1] 



MatchData[2] 



MatchData[3] 



MatchData[4] 



MatchData[5] 



MatchData[N-4] 



MatchData[N-3] 



MatchData[N-2] 



MatchData[N-1] 



Where N is the 
number of subjects in 
the repository. 



Figure 17. Transfer Vector Data. 



Match Data 



VisitCount 

MinutiaBitMap[0] 

MinutiaBitMap[1]: 

MinutiaBitMap[2} 

MinutiaBitMap[3] 

HoughAcc[0][0] 

HoughAcc[7][7J 



Score 



p 

ru 
w 

w 
m 

C! 

a' 
ru 



Start 

AccumulateHough 



Get repository data 
for Subject, Finger 
and Minutia. 



Calculate 
DeKaBaseAngle 
from search and 
repository minutiae. 



Rotate repository 
minutia coordinates 
through 

DeitaBaseAngle 



Calculate DeitaX 
and DeltaY 
coordinates from 
search X, Y and 
rotated repository X f 
Y coordinates 



Quantize DeitaX and 
DettaY coordinates 



Increment 




HoughAcc [DeitaX] 


PeitaY] 








f 





End 

AccumulateHough 



Figure 19 ' 



V 



Sort results fist by 
descending Mufti- 
finger Score. 











End 




EvaluateMatch 




J 




For each' 



For each MatchData 





Calculate Raw . 




Score from 


For each MatchData. \ . 


MlnutiaCount, 


ofF " / 


VisitCount and 




Hough Transform 




Data. 



Calculate Variance 
of Raw Scores. 



Accumulate variance 
data 



For each MatchData. 
of F 





Calculate 




normalized 


> ; 


Exponential Scores 




from Raw Scores 




and variance. 





Calculate mufti- 




finger score from 


) — 


Individual finger 




normalized 




Exponential Scores. 





Add Card Index to 
results list 


> Threshold /~ 



c 



Figure 20. EvaluateMatch Subprogram Flow Diagram. 



